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Description

Technical Field

[0001] The present invention relates to an information
processing apparatus or an information processing
method in which an information processing apparatus
such as an external device controller supplies a clock to
an external device and latches therein external device
data output from the external device in synchronization
with the clock.

Background Art

[0002] As disclosed in PTL 1, there is a technology for
an information processing apparatus including an exter-
nal device controller, in which when an external device
is connected to the information processing apparatus so
as to be capable of communicating therewith, an opera-
tion clock is supplied from the external device controller
of the information processing apparatus to the external
device. Here, generally, the external device is set so as
to output data in synchronization with the clock supplied
from the external device controller, and the external de-
vice controller is configured to latch therein the data out-
put from the external device.
[0003] With the use of the above method, the external
device controller temporarily stops supply of clocks (cor-
responding to clock gating) to the external device, thus
allowing the supply of data from the external device to
the external device controller to be temporarily stopped.
For example, when data is accumulated up to the allowed
capacity of a reception buffer in the external device con-
troller, the external device controller can stop supply of
clocks to stop supply of data, thus preventing an overflow
of the buffer as desired even if the capacity of the buffer
is small.
[0004] Here, if data received by the external device
controller from the external device is delayed by one cycle
or more with respect to an output clock of the external
device controller, it may be difficult to detect the presence
or absence of the delay with a configuration as disclosed
in PTL 1.

Citation List

Patent Literature

[0005] PTL 1: Japanese Patent Laid-Open No. JP
S59-173839 A Document US 6757347 B1 discloses a
method and apparatus for halting data strobes transmit-
ted over a source synchronous link to enable the data
stored in the data capture flip-flops in a source synchro-
nous receiver to be scanned out for subsequent analysis.

Summary of Invention

[0006] Accordingly, the present invention provides an

information processing apparatus or an information
processing method that detects the presence or absence
of a delay even if a delay of one cycle or more occurs
with respect to an output clock of an external device con-
troller.
[0007] According to an aspect of the present invention,
there is provided an information processing apparatus
as defined in claim 1. According to another aspect of the
present invention, there is provided an information
processing method as defined in claim 14. Further as-
pects and features of the present invention are set out in
the dependent claims.

Brief Description of Drawings

[0008]

Fig. 1 is a configuration diagram of an external device
controller in an exemplary embodiment of the
present invention.
Fig. 2A is a configuration diagram of a skew control
unit.
Fig. 2B is a timing chart of the skew control unit.
Fig. 3A is a configuration diagram of a cycle control
unit.
Fig. 3B is a timing chart of the cycle control unit.
Fig. 4A is a flowchart of a calibration process.
Fig. 4B is a configuration diagram of an output clock
control unit.
Fig. 5 is a timing chart of gating of an output clock
based on a gating pattern during reception of a cal-
ibration pattern.
Fig. 6 is a timing chart illustrating the correlation be-
tween a cycle index and a calibration pattern that is
received.
Fig. 7 is a timing chart illustrating the correlation be-
tween a cycle index and a calibration pattern that is
received.
Fig. 8 is a timing chart illustrating the correlation be-
tween the number of gating cycles and a calibration
pattern that is received.
Fig. 9 is a timing chart illustrating the correlation be-
tween the number of gating cycles and a calibration
pattern that is received.
Fig. 10 is a timing chart illustrating the correlation
between the number of gating cycles and a calibra-
tion pattern that is received.
Fig. 11 is a timing chart illustrating the correlation
between the number of cycles between gating oper-
ations and a calibration pattern that is received.
Fig. 12 is a timing chart illustrating the correlation
between the number of cycles between gating oper-
ations and a calibration pattern that is received.
Fig. 13 is a timing chart illustrating the correlation
between the number of cycles between gating oper-
ations and a calibration pattern that is received.
Fig. 14 is a timing chart illustrating the correlation
between the number of cycles between gating oper-
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ations and a calibration pattern that is received.
[fig.15]Fig. 15 is a timing chart illustrating the corre-
lation between a gating start position, a gating end
position, and a calibration pattern that is received.
[fig. 16] Fig. 16 is a timing chart illustrating the cor-
relation between a gating start position, a gating end
position, and a calibration pattern that is received.
[fig.17]Fig. 17 is a timing chart illustrating the corre-
lation between a gating start position, a gating end
position, and a calibration pattern that is received.
[fig.18]Fig. 18 is a timing chart of signals handled by
the external device controller and the external device
when a correct cycle setting is used.
[fig. 19]Fig. 19 is a schematic diagram of a system
configuration including the external device control-
ler.
[fig.20]Fig. 20 is a table illustrating an example of the
relationship between an actually received calibration
pattern and a difference from the actual number of
cycles.
[fig.21A]Fig. 21A illustrates the configuration of the
external device controller.
[fig.21B]Fig. 21B is a timing chart illustrating the for-
mat of commands or data.
[fig.22]Fig. 22 is a flowchart of a calibration process.
[fig.23]Fig. 23 is a timing chart of a calibration proc-
ess.
[fig.24]Fig. 24 is a timing chart of signals handled by
the external device controller.

Description of Embodiments

[0009] Exemplary embodiments of the present inven-
tion will be described hereinafter with reference to the
drawings. First, an exemplary embodiment for solving a
problem that may be caused when data received by an
external device controller from an external device is de-
layed by one cycle or more with respect to an output clock
of the external device controller will be described here-
inafter.
[0010] Fig. 19 is a block diagram of a system including
an information processing apparatus that communicates
with an external device 107. An application specific inte-
grated circuit (ASIC) 100 which is a large scale integration
(LSI) circuit having a function for communicating with the
external device 107 includes a central processing unit
(CPU) 101, a dynamic random access memory (DRAM)
controller 104, a direct memory access (DMA) controller
102, an external device controller 103, and a clock gen-
erator 105. Further, the clock generator 105, which
serves as oscillation unit, generates and supplies clocks
(cpu_clock 113, dmac_clock 114, host_clock 115,
dram_clock 116) that are used by the CPU 101, the DMA
controller 102, the external device controller 103, and the
DRAM controller 104. The CPU 101 performs register
access to the external device controller 103, the DMA
controller 102, and the DRAM controller 104 via a CPU
interface (I/F) 110. The DMA controller 102 performs data

transfer to and from the DRAM controller 104 via the CPU
I/F 110. The DRAM controller 104 performs data transfer
to and from a DRAM 106 via a DRAM I/F 117. The ex-
ternal device controller 103 performs data transfer to and
from the DMA controller 102 via a DMA I/F 111. Further,
the external device controller 103 performs data transfer
to and from the external device 107 via an external device
I/F 112.
[0011] Next, an external device controller will be de-
scribed. Fig. 1 illustrates the configuration of an external
device controller 103 in an exemplary embodiment of the
present invention.
[0012] The external device controller 103 receives a
host clock 115 (host_clk) from the clock generator 105.
The host clock 115 is connected to each block in the
external device controller 103, and each block of the ex-
ternal device controller 103 operates in synchronization
with the host clock 115.
[0013] While accepting data or commands to be trans-
mitted to a card from the CPU 101 and register access,
a CPU I/F control unit 201 transmits commands or data
received from the card to the CPU 101. A DMA I/F control
unit 204 accepts from the DMA controller 102 data to be
transmitted to the external device 107, and also transmits
data received from the external device 107 to the DMA
controller 102.
[0014] The external device controller 103 exchanges
commands with the external device 107 via a transmis-
sion command parallel-to-serial conversion unit (herein-
after referred to as the "transmission command PS con-
version unit") 125 and a received command serial-to-par-
allel conversion unit (hereinafter referred to as the "re-
ceived command SP conversion unit") 126. First, the
CPU I/F control unit 201 transmits a parallel format trans-
mission command 223 (s_cmd_reg) received from the
CPU 101 via the CPU I/F 110 to the transmission com-
mand PS conversion unit 125. The transmission com-
mand PS conversion unit 125 converts the received par-
allel format transmission command 223 into a serial for-
mat transmission command 224 (s_cmd_data), and
transmits the serial format transmission command 224
to the external device 107.
[0015] The external device 107 decodes the received
serial format transmission command 224, and detects a
transmission command. Further, the external device 107
transmits detection information indicating a detection re-
sult of the transmission command to the external device
controller 103 as a serial format received command 226
(r_cmd_data).
[0016] The received command SP conversion unit 126
receives the serial format received command 226 output
from the external device 107, converts the serial format
received command 226 into a parallel format received
command 225 (r_cmd_reg), and transmits the parallel
format received command 225 to the CPU 101 via the
CPU I/F control unit 201 and the CPU I/F 110.
[0017] Further, the external device controller 103 ex-
changes data with the external device 107 via a trans-
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mission buffer 207, a transmission data parallel-to-serial
conversion unit 208, a skew control unit 211, a received
data serial-to-parallel conversion unit (hereinafter re-
ferred to as the "received data SP conversion unit") 210,
and a reception buffer 209. The external device controller
103 further includes an output clock control unit 213 and
an output clock gating unit 214 in order to de-assert an
output clock 244 to stop supply of data from the external
device 107. The external device controller 103 also in-
cludes a gating mode setting register 605 and a gating
pattern setting register 606 for effective cycle adjustment.
[0018] The external device controller 103 further in-
cludes the skew control unit 211 and a skew setting reg-
ister 212 for skew adjustment (correction). Here, the term
"skew adjustment (correction)" refers to adjusting (cor-
recting) data to be input to the received data SP conver-
sion unit 210 or the data latch timing of the external device
controller 103 (namely, the skew control unit 211) by us-
ing a delay within one cycle (with respect to the host clock
115).
[0019] The external device controller 103 further in-
cludes a cycle setting register 601, a cycle computation
unit 602, a cycle control unit 603, and an expected value
setting register 604 for cycle adjustment (correction).
Here, the term "cycle adjustment (correction)" refers to
adjusting (correcting) the data latch suspend timing and
data latch resume timing of the received data SP con-
version unit 210 by delaying a reception enable signal
250 (rcv_en), which is a control signal of the received
data SP conversion unit 210, cycle-by-cycle (with respect
to the host clock 115).
[0020] The skew setting register 212 receives a skew
set value 227 (skew_reg) from the CPU I/F control unit
201, and holds the skew set value 227. The skew control
unit 211 receives a skew selection value 238 (skew_sel)
from the skew setting register 212, and delays serial for-
mat received data 236 (d2h_data) (hereinafter some-
times simply short for "received data 236") received from
the external device 107 in accordance with the set value.
[0021] The cycle setting register 601 receives a cycle
set value 256 (cycle_reg) from the CPU I/F control unit
201, and holds the cycle set value 256. The expected
value setting register 604 receives an expected value set
value 253 (exp_reg) from the CPU I/F control unit 201,
and holds the expected value set value 253. An example
of the expected value set value 253 is illustrated in Fig.
20. The pattern received when the difference from the
actual number of cycles is 0 matches the true value (the
pattern output from the external device 107) while the
pattern received by the external device controller 103
changes in accordance with the difference between the
cycle set value obtained when calibration is performed
and the correct cycle set value (corresponding to the
amount of cycle delay described below). The cycle com-
putation unit 602 receives a cycle set value 255
(cycle_val) from the cycle setting register 601 and the
expected value 254 (exp_pattern) from the expected val-
ue setting register 604, and computes a desired cycle

set value. Specifically, a received calibration pattern is
compared with the expected value to determine whether
a match is found. The difference between a cycle set
value corresponding to the expected value obtained
when a match is found and the correct cycle set value is
determined. Thereafter, the determined difference is
added to a cycle set value obtained when calibration is
performed to compute a correct cycle set value. The cycle
control unit 603 receives a correct cycle selection value
249 (cycle_sel) from the cycle computation unit 602. The
cycle control unit 603 further receives an output clock
enable signal 243 (dev_clk_en) (clock control signal)
from the output clock control unit 213.

Data Receiving Process

[0022] Next, a process in which the external device
controller 103 receives data (external device data) from
the external device 107 will be described.
[0023] When the external device controller 103 starts
data reception, first, the external device controller 103
performs the command transmission/reception process
described above to transmit a command for instructing
the external device 107 to transmit data to the external
device 107. Further, the external device 107 transmits a
response to the transmitted command to the external de-
vice controller 103 as a reception command, and further
transmits data.
[0024] Reception of data is performed as follow. First,
the serial format received data 236 (d2h_data) transmit-
ted from the external device 107 is received by the skew
control unit 211.
[0025] The skew control unit 211 performs skew ad-
justment (the details of which will be described below)
between the serial format received data 236 and the clock
115 (host_clk) of the external device controller 103.
Skew-adjusted received data 235 (d2h_data_1d) is input
to the received data SP conversion unit 210.
[0026] The received data SP conversion unit 210 is
configured to be capable of receiving a reception enable
signal 250 (the details of which will be described below)
obtained by delaying, by the cycle control unit 603 de-
scribed below, the output clock enable signal 243 output
from the output clock control unit 213. If the reception
enable signal 250 has been asserted, the received data
SP conversion unit 210 receives the input skew-adjusted
received data 235, and converts the received data 235
into parallel format received data 234 (r_data_buf).
[0027] The received data SP conversion unit 210 in-
cludes shift registers (series-input/parallel-output flip-
flops) of K stages (not illustrated) configured to send data
received in a serial format as K-bit parallel format data.
Therefore, if the reception enable signal 250 continues
to be asserted, the received data SP conversion unit 210
sends parallel format data once every K cycles. Here,
the timing at which the received data SP conversion unit
210 latches therein data (external device data) from the
external device 107 can correspond to the latch timing
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of the flip-flop of the first stage (0-bit) (as viewed from
the external device 107 side).
[0028] The reception buffer 209, which serves as a
holding unit, is configured to be capable of notifying using
a reception buffer full signal 241 (r_buff_full) that data
more than the data currently held therein cannot be held.
Thus, if the reception enable signal 250 has been assert-
ed and the reception buffer full signal 241 of the reception
buffer 209 has been de-asserted, the received data SP
conversion unit 210 transmits the parallel format received
data 234 to the reception buffer 209. If the reception en-
able signal 250 has not been asserted, the received data
SP conversion unit 210 stops receiving the skew-adjust-
ed received data 235.
[0029] Upon starting reception of data, the received
data SP conversion unit 210 asserts a reception status
signal 239 (rcv_status). The received data SP conversion
unit 210 continues to assert the reception status signal
239 until the last piece of data is received from the ex-
ternal device 107, and de-asserts the reception status
signal 239 upon detection of the end bit of the skew-
adjusted received data 235. When the received data SP
conversion unit 210 transmits the parallel format received
data 234 to the reception buffer 209, the reception buffer
209 de-asserts a reception buffer empty signal 233
(r_buff_emp).
[0030] The reception buffer 209 receives the received
data 234 (r_data_buff) converted into a parallel format
from the received data SP conversion unit 210, and holds
the received data 234. Here, when the reception buffer
209 becomes full, the reception buffer 209 asserts the
reception buffer full signal 241 to the output clock control
unit 213 and the received data SP conversion unit 210.
When the reception buffer 209 becomes empty, the re-
ception buffer 209 asserts the reception buffer empty sig-
nal 233 to the DMA I/F control unit 204.
[0031] In response to de-assertion of the reception
buffer empty signal 233 of the reception buffer 209, the
DMA I/F control unit 204 detects that received data from
the external device 107 is left in the reception buffer 209.
Then, parallel format received data 232 (r_data_dma)
held in the reception buffer 209 is received from the re-
ception buffer 209, and is transmitted to the DMA I/F 111.
However, when the reception buffer 209 becomes empty,
reception of data is stopped. If reception of data is not
stopped, the buffer under-run of the reception buffer 209
may occur. Therefore, when the reception buffer empty
signal 233 of the reception buffer 209 has been asserted,
the DMA I/F control unit 204 stops receiving the parallel
format received data 232, and stops transmitting data to
the DMA I/F 111.
[0032] If the reception buffer empty signal 233 of the
reception buffer 209 is de-asserted, the DMA I/F control
unit 204 resumes receiving the parallel format received
data 232, and resumes transmission of received data to
the DMA I/F 111.
[0033] On the other hand, if a write into the reception
buffer 209 newly occurs when the reception buffer 209

is in a full state, the buffer over-run of the reception buffer
209 occurs and therefore reception of data is stopped.
When the received data SP conversion unit 210 is cur-
rently receiving data and when the reception buffer 209
is full, the output clock control unit 213 de-asserts the
output clock enable signal 243.
[0034] Reception of data in progress in the received
data SP conversion unit 210 is detected through asser-
tion of the reception status signal 239. Upon receipt of
the first piece of received data, the received data SP con-
version unit 210 asserts the reception status signal 239,
continues to assert it until the last piece of data is re-
ceived, and de-asserts it upon receipt of the last piece
of data. Thus, the output clock enable signal 243 is not
de-asserted in the state of waiting for data to be received
(state of waiting for the start bit to be detected).
[0035] In response to de-assertion of the output clock
244 (dev_clk), the external device 107 stops transmis-
sion of received data 237 (d2h_data’). Reception of data
is continuously stopped until the reception buffer full sig-
nal 241 (r_buff_full) of the reception buffer 209 is de-
asserted. When the reception buffer full signal 241
(r_buff_full) of the reception buffer 209 is de-asserted,
the received data SP conversion unit 210 resumes re-
ceiving data. Then, the output clock gating unit 214 re-
leases gating of the output clock 244, and the external
device 107 resumes transmission of the received data
237.

Skew Correction Configuration

[0036] Next, the details of a configuration for skew cor-
rection will be described.
[0037] Fig. 2A is a block diagram of the skew control
unit 211. The skew control unit 211 receives the host
clock 115 (host_clk) from the clock generator 105 (Fig.
19). The host clock 115 is delayed by using delay ele-
ments 216 (first delay unit), the number of which is N1,
whose inputs and outputs are connected in series. The
output of each delay element 216 is input to a delay se-
lection unit 217, and a delay element 216 that is used for
the output is selected on the basis of the value of the
skew selection value 238 (skew_sel).
[0038] A selected clock signal with delay 246
(clk_with_skew) is input to a flip-flop 218 as a clock. The
serial format received data 236 (d2h_data) transmitted
from the external device 107 is received by the flip-flop
218, and is synchronized with the clock signal with delay
246 (clk_with_skew) by the flip-flop 218. The synchro-
nized serial format received data is output from the skew
control unit 211 to the received data SP conversion unit
210 as skew-adjusted serial format received data 235
(d2h_data_1d) (hereinafter referred to as "skew-adjust-
ed received data" 235).
[0039] The N1 delay elements in the skew control unit
211 may cause a delay of a duration equal to one N1-th
of one clock (of the host clock 115), which is equally di-
vided into N1 segments, or a slightly smaller delay.
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[0040] Fig. 2B illustrates a timing chart of signals han-
dled by the skew control unit 211 when the skew set value
is set to 0, 1, and 2. If the signals in Fig. 2B are made to
correspond to the signs in Figs. 1 and 2A, the host_clk
115, the dh2_data 236, the clk_with_skew 246 (skew_sel
238 = 0, 1, 2), and the d2h_data_1d 235 (skew_sel 238
= 0, 1, 2) are plotted in sequence from the top.
[0041] In the timing chart of Fig. 2B, when the skew
selection value 238 (skew_sel) is 0 and 1, the d2h_data
236 is variable at a rising edge of the clk_with_skew 246.
Therefore, the data d2h_data_1d 235 latched in the flip-
flop 218 is also made variable, and normal data latch is
not achieved. When the skew selection value 238 is 2,
the d2h_data 236 exhibits stable output data at a rising
edge of the clk_with_skew 246. Thus, the data
d2h_data_1d 235 latched in the flip-flop 218 is also nor-
mal. The adjustment of the skew selection value 238 is
performed using a calibration sequence described be-
low.

Cycle Correction Configuration

[0042] Next, the details of a configuration for correcting
a cycle delay will be described.
[0043] Fig. 3A illustrates a schematic configuration of
the cycle control unit 603. The cycle control unit 603 in-
cludes flip-flops 701 (second delay unit), the number of
which is N2, the output of each flip-flop being connected
in series with the input of the next flip-flop. Each of the
flip-flops 701 delays the output clock enable signal 243
by one clock. The cycle control unit 603 causes the flip-
flops 701 to delay the input output clock enable signal
243 by the number of cycles indicated by the cycle set
value 256. The delayed output clock enable signal 243
is input to the received data SP conversion unit 210 as
the reception enable signal 250.
[0044] Fig. 3B illustrates waveforms of various signals
handled by the cycle control unit 603. In the description
of the signals in Fig. 3B which are made to correspond
to the signs in Fig. 1, the host_clk 115, the dev_clk_en
243, and the rcv_en 250 are plotted in sequence from
the top. The cycle control unit 603 delays the input output
clock enable signal 243 in accordance with the value of
the cycle selection value 249 (cycle_sel = 0, 1, 2, 3), and
outputs the delayed output clock enable signal 243 as
the reception enable signal 250. If the value indicated by
the cycle selection value 249 is assumed to be 2, the
cycle control unit 603 delays the output clock enable sig-
nal 243 by two cycles by selecting the output that has
passed through two flip-flops 701 using a selector 702,
and outputs a resulting signal as the reception enable
signal 250. In the configuration of Figs. 3A and 3B, since
the N2 flip-flops 701 are present, the output clock enable
signal 243 can be delayed by an integer multiple of one
cycle (up to N2 cycles).
[0045] In this exemplary embodiment, the received da-
ta SP conversion unit 210 determines the data latch sus-
pend timing based on de-assertion of the reception en-

able signal 250, and determines the data latch resume
timing when the reception enable signal 250 is asserted
again.
[0046] The gating mode setting register 605 receives
a gating mode register set value 247 (gate_reg) from the
CPU I/F control unit 201, and holds the gating mode reg-
ister set value 247. Further, the gating mode setting reg-
ister 605 outputs the received gating mode register set
value 247 to the output clock control unit 213 as a gating
mode set value 251 (gate_mode).
[0047] Here, the gating mode of the external device
controller 103 in this exemplary embodiment includes two
modes: a calibration mode and a normal data transfer
mode. The gating pattern setting register 606 receives a
gating pattern register set value 248 (pattern_reg) from
the CPU I/F control unit 201, and holds the gating pattern
register set value 248. Further, the gating pattern setting
register 606 outputs the received gating pattern register
set value 248 to the output clock control unit 213 as a
gating pattern 252 (gate_pattern).
[0048] The gating pattern register set value 248 is in-
formation for generating a clock gating pattern (gating
information), and indicates how clock gating is per-
formed. (More specifically, the information is information
indicating L, N, S, and E described below in Fig. 5.)
[0049] Fig. 4B illustrates the configuration of the output
clock control unit 213 which serves as a selection unit in
this exemplary embodiment. A first clock control unit 221
(first control unit) receives the reception buffer full signal
241 and the reception status signal 239, and performs
clock control similar to that described in PTL 1. A second
clock control unit 222 (second control unit) performs clock
control described below (first clock control mode) on the
basis of the reception status signal 239 and the gating
pattern 252. Further, a third clock control unit 223 (third
control unit) performs control so as to generate the output
clock enable signal 243 for performing control to output
the host clock 115 of the external device controller 103
without stopping the supply of the host clock 115 (second
clock control mode).
[0050] First, the received data SP conversion unit 210
adds information indicating a reception state such as how
many bits in the received data 236 have been received
thus far to the reception status signal 239, and transmits
the resulting reception status signal 239 to the output
clock control unit 213. The second clock control unit 222
determines how many bits the received data SP conver-
sion unit 210 has received on the basis of the reception
information added to the reception status signal 239. If
the gating pattern 252 does not meet a condition indicat-
ing that gating is performed, the output clock enable sig-
nal 243 is generated.
[0051] A clock control selection unit 220 is a selector,
and causes one of the first clock control unit 221, the
second clock control unit 222, and the third clock control
unit 223 to selectively function in accordance with the set
value indicated by the gating mode set value 251 from
the gating mode setting register 605.
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Command/Data Format

[0052] Here, the format of signals used to send and
receive commands and data between the external device
controller 103 and the external device 107 will be de-
scribed.
[0053] The external device controller 103 and the ex-
ternal device 107 mutually exchange serial format com-
mands or serial format data in a format illustrated in Fig.
21B. In the following description, it is assumed that both
parallel format commands and parallel format data have
a similar format.
[0054] First, signals handled when the serial format
transmission command 224 and the serial format re-
ceived command 226 are transmitted and received will
be described with reference to Fig. 21B. The transmis-
sion command 224 is composed of a 1-bit start bit, an N-
bit transmission command, an M-bit cyclic redundancy
check (CRC), and a 1-bit end bit. Upon detection of re-
ception of the parallel format transmission command 223,
first, the transmission command PS conversion unit 125
transmits the 1-bit start bit. Subsequently, the N-bit par-
allel format transmission command 223 is converted into
a serial format transmission command 224, and the serial
format transmission command 224 is transmitted. The
transmission command PS conversion unit 125 com-
putes a CRC in addition to the transmission of the serial
format transmission command 224. After the serial for-
mat transmission command 224 is transmitted, the com-
puted M-bit CRC is transmitted. Finally, the 1-bit end bit
is transmitted, and command transmission is completed.
[0055] The serial format received command 226 also
has the format as illustrated in Fig. 21B. However, since
a received command and a transmission command need
not match each other, the received command and the
transmission command may have different command
lengths or CRC lengths.
[0056] The received command SP conversion unit 126
detects the 1-bit start bit, and starts receiving a command.
Subsequently, the N-bit serial format received command
is received and is converted into a parallel format re-
ceived command. The received command SP conver-
sion unit 126 computes a CRC in addition to the reception
of the serial format received command. After the serial
format received command is received, the computed
CRC is compared with an M-bit CRC to be delivered (cy-
clic redundancy check), and a CRC error is detected.
Finally, the 1-bit end bit is received, and command re-
ception is completed.
[0057] Upon receipt of parallel format transmission da-
ta 230 (s_data_buf) from the transmission buffer 207,
like the transmission command PS conversion unit 125,
the transmission data PS conversion unit 208 converts
the parallel format transmission data 230 into serial for-
mat transmission data 231 (h2d_data), and transmits the
serial format transmission data 231 to the external device
107. The length of transmission data or the length of a
CRC may be different from those in a transmission com-

mand.
[0058] The received data has the format as illustrated
in Fig. 21B. However, the length of received data and the
length of a CRC may be different from those in a trans-
mission command.
[0059] Upon detection of the 1-bit start bit, the received
data SP conversion unit 210 starts reception of data.
Then, the received data SP conversion unit 210 performs
processing in a manner similar to that of the received
command SP conversion unit 126 to convert the serial
format skew-adjusted received data 235 into parallel for-
mat received data 234, and transmits the parallel format
received data 234 to the reception buffer 209. The CRC
computation process and comparison process of the
transmission data PS conversion unit 208 and the re-
ceived data SP conversion unit 210 are similar to the
processes of the transmission command PS conversion
unit 125 and the received command SP conversion unit
126, and the description thereof is thus omitted.

Calibration

[0060] Next, a calibration process for adjusting various
parameters (skew set value, cycle set value) so that the
external device controller 103 can correctly latch data
therein will be described.
[0061] First, a calibration flow in the external device
controller 103 having the configuration illustrated in Fig.
21A will be described using Fig. 22.
[0062] First, in step S101, in response to an instruction
for starting calibration from the CPU 101, the external
device controller 103 transmits to the external device 107
a transmission command for causing the external device
107 to output a calibration pattern. Then, the external
device 107 transmits a reception command to the exter-
nal device controller 103 in response to the transmission
command for calibration. Further, the external device 107
transmits a predetermined calibration pattern to the ex-
ternal device controller 103 in place of the serial format
received data 237. The external device controller 103
receives the calibration pattern in accordance with the
data receiving flow described above. The received cali-
bration pattern is written in the DRAM 106 through the
DMA controller 102 and the DRAM controller 104.
[0063] After all the calibration patterns have been writ-
ten in the DRAM 106, in step S102, the CPU 101 com-
pares an actually received calibration pattern with a cal-
ibration pattern stored in advance as an expected value
in the DRAM 106 or the like. If the CPU 101 determines
that both calibration patterns match, it can be considered
that the skew setting is correct. Thus, the calibration se-
quence is completed. If both calibration patterns do not
match, it can be considered that the skew setting is
wrong. Thus, in step S103, the CPU 101 sets a different
skew set value 227 in the external device controller 103,
and performs the calibration sequence (S101, S102)
again. The above process is repeatedly performed until
calibration succeeds.
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[0064] Here, it is assumed that calibration patterns are
stored in advance on the external device 107 side and
that the external device 107 transmits a stored calibration
pattern upon receipt of a command for starting calibra-
tion.
[0065] Here, a waveform of a signal handled in step
S101 when the skew adjustment is completed will be
described. Fig. 23 illustrates waveforms in the calibration
sequence when the received data 236 has a delay of one
cycle or more. Here, the case where the received data
236 has a delay of one cycle or more may be the case
where a wire delay of 1/2 cycles or more has occurred
between the external device controller 103 and the ex-
ternal device 107. In the description of the signals in Fig.
23 which are made to correspond to the signs in Figs.
21A and 2A, the dev_clk 244, the dev_clk_en 243, the
d2h_data 236, the clk_with_skew 246, the d2h_data_1d
235, the host_clk 115, the r_data_buff 234, the dev_clk’
245, and the d2h_data’ 237 are plotted in sequence from
the top. There is a difference in timing between the latch
clock and latched data, which indicates a delay until data
is latched in a flip-flop in the case of latching in an actual
circuit with reference to an edge of a clock. This delay
may be caused in a portion that is not directly related to
the problems to be addressed by the present invention,
and the amount of delay is small. Therefore, if received
data is delayed by one cycle or more, the delay may be
ignored (excluded). Further, in Fig. 23, a portion of wave-
forms during the last half of the calibration is not illustrat-
ed.
[0066] In the example of Fig. 23, the clock 245
(dev_clk’) input to the external device 107 is delayed by
1/2 cycles with respect to the output clock 244 (dev_clk)
output from the external device controller 103. Further,
the received data 236 (d2h_data) received by the exter-
nal device controller is delayed by 1/2 cycles with respect
to the received data 237 (d2h_data’) transmitted from the
external device 107.
[0067] The above delays are considered to be caused
by a reciprocating delay on a substrate between the ex-
ternal device 107 and the external device controller 103,
an output delay in the external device 107, a delay in the
external device controller 103, or the like. As a result, in
the example of Fig. 23, the received data 236 latched in
the external device controller 103 as data output from
the external device 107 in response to the output clock
244 of the external device controller 103 includes a delay
of one cycle.
[0068] The size of the calibration pattern is generally
much smaller than the size of the reception buffer 209.
Thus, the external device controller 103 in the configu-
ration illustrated in Fig. 21A does not stop supply of output
clocks during calibration. Even if the size of the calibration
pattern is larger than the size of the reception buffer 209,
whether supply of output clocks is to be stopped may
depend on the transfer rate or the like of the DMA con-
troller 102. Therefore, a situation may be less likely to
occur in which the supply of the output clock 244 is

stopped during calibration.)
[0069] Referring to Fig. 23, since the content of the
r_data_buff(0) 234 coincides with the content of the input
serial format received data d2h_data 236, the calibration
process is completed. However, as illustrated in Fig. 24,
when data is actually received, failure to latch the data
or the like may occur.
[0070] A timing chart of Fig. 24 illustrates waveforms
of signals when the external device controller 103 actu-
ally receives data from the external device 107 in a case
where, as in Fig. 23, the received data 236 has a delay
of one cycle. Since the correspondence between the sig-
nals illustrated in Fig. 24 and those in Figs. 21A and 2A
is similar to that in Fig. 23, the descriptions thereof will
be omitted.
[0071] In Fig. 24, at the time when "D0" in the serial
format received data 236 is received, a situation occurs
in which the reception buffer full signal 241 (not illustrated
in Fig. 24) of the reception buffer 209 is asserted. In ac-
cordance with the assertion of the reception buffer full
signal 241, the output clock control unit 213 de-asserts
the output clock enable signal 243 (dev_clk_en). In re-
sponse to the de-assertion of the output clock enable
signal 243, the output clock gating unit 214 gates the
output clock 244. Although the output clock 244 is gated
by the output clock gating unit 214, serial format received
data "D1" and "D2" are transmitted from the external de-
vice 107.
[0072] Initially, data input to the reception buffer 209
(based on which the reception buffer full signal 241 is
issued) is delayed by 1/2 cycles at the time when the
data is input from the external device 107 to the external
device controller 103. After the reception buffer full signal
241 is asserted, in addition to a delay until the output
clock 244 is gated, a delay of 1/2 cycles occurs until the
external device 107 is capable of recognizing that the
output clock 244 has been gated. Consequently, there
is a delay equal to the sum of the above delays until the
external device 107 recognizes the request made by the
external device controller 103 that data transmission be
stopped, and therefore "D1" and "D2" are transmitted.
[0073] In response to the de-assertion of the output
clock enable signal 243, the received data SP conversion
unit 210 immediately stops receiving the serial format
received data 236. Thus, the received data SP conver-
sion unit 210 can no longer receive the serial format re-
ceived data "D1". As illustrated in Fig. 24, the parallel
format received data 234 received by the received data
SP conversion unit 210 and transmitted to the reception
buffer 209 does not include "D1".
[0074] Further, after the reception buffer full signal 241
of the reception buffer 209 is de-asserted, the output
clock enable signal 243 is asserted and the gating of the
output clock 244 is released. Since the gating is per-
formed based on a falling edge, the output clock 244 rises
1/2 cycles after the release of gating. However, although
the gating of the output clock 244 has been released,
due to the delay between the external device 107 and
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the external device controller 103, the serial format re-
ceived data "D2" continues to be transmitted from the
external device 107.
[0075] In the meantime, in response to the assertion
of the output clock enable signal 243, the received data
SP conversion unit 210 immediately resumes receiving
serial format received data. This causes the received da-
ta SP conversion unit 210 to receive the serial format
received data "D2" twice. It can be seen from the parallel
format received data 234 that D2 has been received
twice.
[0076] In this manner, if there is a reciprocating delay
of one cycle or more between the external device con-
troller 103 and the external device 107, the configuration
illustrated in Fig. 21A may allow completion of calibration
(Fig. 23), but may cause failure of actual data reception
(Fig. 24).
[0077] It can be seen from the above that the external
device controller 103 illustrated in Fig. 21A may fail to
detect the presence or absence of a delay of one cycle
or more that may occur in the received data 236 in the
calibration sequence.
[0078] The time scale in Fig. 24 is based on the as-
sumption that, for convenience of description, the period
from when the reception buffer full signal 241 is asserted
to when the reception buffer full signal 241 is de-asserted
is extremely short and the reception buffer 209 is ex-
tremely small, for ease of description.
[0079] Next, a calibration flow of this exemplary em-
bodiment will be described with reference to Fig. 4A. In
the calibration flow of this exemplary embodiment, first,
skew adjustment is performed while causing the third
clock control unit 223 to function, and then cycle adjust-
ment is performed while causing the second clock control
unit 222 to function. If it is known that the size of the
calibration pattern is sufficiently smaller than the size of
the reception buffer 209 and that no clock gating occurs
during reception of the calibration pattern, the first clock
control unit 221 may be used instead of the third clock
control unit 223.
[0080] Here, the term "skew adjustment" means ad-
justment in which the shift in phase (phase shift) between
the host clock 115 and the received data 236 is corrected
using the configuration illustrated in Fig. 2A. The term
"cycle adjustment" means adjustment in which a period-
to-period shift between the host clock 115 and the re-
ceived data 236 is corrected using the configuration il-
lustrated in Fig. 3A. In the following description, a cycle
shift (corresponding to a shift in the data latch timing or
a shift in the data latch resume timing) is called the
number of delay cycles (amount of cycle delay).
[0081] First, a skew adjustment flow will be described.
In step S1201, the CPU 101 sets the clock gating mode
of the external device controller 103 to a calibration mode
in which the supply of clocks is not stopped (a mode in
which the third clock control unit 223 is used). In step
S1202, the CPU 101 instructs the external device con-
troller 103 to acquire the calibration pattern. The calibra-

tion pattern acquisition process performed by the exter-
nal device controller 103 is similar to that performed by
the configuration illustrated in Fig. 21A. When the acqui-
sition of the calibration pattern is completed, in step
S1203, the CPU 101 compares the actually received cal-
ibration pattern with a calibration pattern read from a
read-only memory (ROM) or a random access memory
(RAM) as a calibration pattern to be received. If a match
is found as a comparison result, it can be considered that
the skew setting is correct. Thus, the skew adjustment
flow ends.
[0082] If no match is found as a comparison result, it
can be considered that the skew setting is wrong. In this
case, in step S1204, the CPU 101 changes the value of
the skew setting register 212 to change the skew setting,
and then proceeds to step S1202. The skew setting is
changed, and the processing of steps S1202 and S1203
is repeatedly performed until patterns match in step
S1203.
[0083] Subsequently, a cycle adjustment flow will be
described. In step S1205, the CPU 101 sets the clock
gating mode of the external device controller 103 to a
calibration mode in which the supply of clocks is stopped
in accordance with the value indicated by the reception
status signal 239 and the gating pattern 252 (a mode for
causing the second clock control unit 222 to function).
Further, the CPU 101 sets a gating pattern register set
value 248 in the external device controller 103. In step
S1206, the CPU 101 instructs the external device con-
troller 103 to acquire the calibration pattern. An overview
of the calibration pattern acquisition process performed
by the external device controller 103 is similar to that
performed by the configuration illustrated in Fig. 21A.
[0084] However, the output clock control unit 213 of
this exemplary embodiment issues the output clock en-
able signal 243 in accordance with the gating pattern
252. Then, the output clock gating unit 214 gates the
output clock 244 in accordance with the output clock en-
able signal 243 during reception of the calibration pattern.
When the cycle computation unit 602 completes the ac-
quisition of the calibration pattern in step S1206, the proc-
ess proceeds to step S1207. Then, in step S1207, the
cycle computation unit 602 compares the actually re-
ceived calibration pattern with an expected value that is
read by the CPU 101 from the DRAM 106 or the like as
a calibration pattern to be received and that is stored in
the expected value setting register 604. The actually re-
ceived calibration pattern may differ depending on the
gating pattern, the calibration pattern (expected value),
and the difference between the current cycle set value
and the actual delay cycle. The details will be described
below.
[0085] Fig. 20 illustrates an example in which
"01010101" is used as the calibration pattern. Although
the details will be described below, if the current cycle
set value and the actual number of delay cycles match,
the external device controller 103 can receive the cali-
bration pattern like "01010101". However, if the actual
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number of delay cycles is larger than the current calibra-
tion pattern by one cycle, the calibration pattern like
"01011101" is received. In this case, the cycle computa-
tion unit 602 compares the calibration pattern received
through the process described above with the calibration
pattern to be received (expected value), and detects the
presence or absence of a delay. If a delay is present, the
actual number of delay cycles is detected using the cal-
ibration pattern obtained when a delay occurs (see Fig.
20). In S 1208, the cycle computation unit 602 (or the
CPU 101) sets the detected actual number of delay cy-
cles as a cycle set value, and completes the cycle ad-
justment flow. When the calibration sequence ends, the
output clock control unit 213 switches the mode to the
third clock control mode to prepare for transmission and
reception of data.
[0086] As described above, if the size of the calibration
pattern is made smaller than the size of the reception
buffer 209, the reception buffer 209 does not become full
during the calibration sequence. However, the external
device controller 103 of this exemplary embodiment
gates the output clock 244 in accordance with the gating
pattern regardless of the assertion of the reception buffer
full signal 241. If the cycle setting or the skew setting is
wrong, the wrong calibration pattern is acquired as it is
(so as to allow recognition that the calibration has not
succeeded). After calibration is completed using the flow
illustrated in Fig. 4A, in order to switch the mode to a
mode in which the first clock control unit 221 is used, the
CPU 101 performs setting so as to cause the gating mode
setting register 605 to store "0" in the clock control se-
lection unit 220, and prepares for transmission and re-
ception of data.
[0087] With the above process, even if a delay of one
clock cycle or more occurs in the received data 236, the
external device controller 103 in this exemplary embod-
iment can detect the presence or absence of the delay.
Thus, various parameters (skew setting, cycle setting)
for transmitting and receiving data without failure to latch
the data can be set.
[0088] Further, as illustrated in Fig. 4A, a delay be-
tween cycles is adjusted while clock gating is performed
based on a gating pattern after a delay in a cycle is ad-
justed using skew adjustment without performing clock
gating, thus allowing efficient calibration. In this manner,
if skew adjustment and cycle adjustment are not sepa-
rated, it is necessary to receive and compare calibration
patterns in a round-robin manner (up to N1 x N2 times)
until the expected value and the received data 236 match,
and a considerable amount of time may be required for
the calibration process.
[0089] Further, if the size of the calibration pattern is
sufficiently smaller than the size of the reception buffer
209, skew adjustment may be performed using the first
clock control unit 221 instead of the third clock control
unit 223 in steps S1201 to S1204 of Fig. 4A. This is be-
cause no clock gating occurs even if the first clock control
unit 221 is used during reception of the calibration pat-

tern. Even in this case, with the processing of steps
S1205 to S1208, calibration is easier to succeed than
that in the configuration illustrated in Fig. 21A. That is,
the number of times calibration is performed can be re-
duced.

Calibration Pattern and Gating Pattern

[0090] Here, the correlation between a calibration pat-
tern and a gating pattern will be described. When the
calibration process is completed, it is assumed that the
number of cycles indicated by the cycle set value 256
coincides with the number of cycles actually delayed. In
the example of Fig. 24, since the cycle delay is one cycle,
the value indicated by the correct cycle set value 256 to
be set is "1". The waveforms illustrated in Fig. 24 corre-
spond to those when the cycle set value 256 is not sub-
jected to cycle adjustment.
[0091] Appropriate setting of the gating pattern and cal-
ibration pattern of the output clock 244 may increase the
accuracy of the calibration process accordingly. For ex-
ample, in the example of Fig. 24, the received data "D1"
is not receivable, and the received data "D2" has been
received twice instead. In this manner, replacement of
data occurs. Thus, if the comparison with the received
data 236 is performed using an undesirable calibration
pattern (a pattern without consideration of viewpoints de-
scribed below), the number of times the reception and
comparison of the calibration pattern are performed may
be increased, or the risk of reduced accuracy of the proc-
ess can possibly be increased. For example, in skew
adjustment and cycle adjustment, it is necessary to per-
form comparison in a round-robin manner (up to N1+N2
times) until the expected value and the received data 236
match.
[0092] In the following, the correlation between the gat-
ing pattern and the calibration pattern of the output clock
244 will be described with respect to four viewpoints. With
the use of a calibration pattern with consideration of these
viewpoints, the time for comparison in the calibration
process can be reduced (up to N1+1 times).
[0093] The gating pattern may be set in accordance
with the calibration pattern and the following four view-
points. With the use of the gating pattern for calibration,
if a control signal for stopping the data latch control of
the received data SP conversion unit 210 (the output
clock enable signal 243) is not delayed by an amount of
cycle delay, it is possible to cause redundant reception
or failure to latch data that is actually received by the
external device controller 103 (the received data 234).
Fig. 20 illustrates the correlation between the amount of
cycle delay and the pattern that is received by the re-
ceived data SP conversion unit 210 (the received data
234) in a situation where a desired gating pattern
("01010101" by way of example) is set.
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(1) Correlation between the difference between the ac-
tual amount of delay and a cycle set value (hereinafter, 
referred to as a "delay index M") and a calibration pattern 
that is received

[0094] The correlation between the delay index M and
a calibration pattern that is received will be described,
where delay index M = (actual amount of delay) - (cycle
set value). Here, the term "actual amount of delay" is the
number of cycles by which the received data 236 is de-
layed with respect to the output clock 244 when the cycle
set value is "0" (corresponding to the case where skew
adjustment has been performed and cycle adjustment is
not performed).
[0095] Figs. 6 and 7 illustrate waveforms of the parallel
format received data 234 when the change timing of the
reception enable signal 250 is fixed to a timing without
any delay and when the actual amount of delay is
changed. If the signals in Figs. 6 and 7 are made to cor-
respond to the signs in Fig. 1 in sequence from the top,
the dev_clk 244, the dev_clk_en 243, the dh2_data 236,
the host_clk 115, the rcv_en 250, and the r_data_buff
234 are plotted. Further, Figs. 6 and 7 illustrate four sets
when the delay index M is 0, 1, 2, and 3.
[0096] In Figs. 6 and 7, the gating of the output clock
enable signal 243 is performed at the time when D3 is
received, and the output clock 244 is de-asserted. As
illustrated in Figs. 6 and 7, the calibration pattern that is
received (corresponding to the dh2_data 236) differs de-
pending on the delay index M. When the delay index
satisfies M > 1, the range from the data after one cycle
to the data after M cycles with respect to the data received
at the time when gating is started (in the example of Figs.
6 and 7, D3) is replaced by the data after M+1 cycles.
When M = 0 holds, the actual amount of delay matches
the cycle set value, and a correct pattern has been re-
ceived.

(2) Correlation between the amount of gating (N) and a 
pattern that is received

[0097] The correlation between N and a calibration pat-
tern that is received (in a case where skew adjustment
has been performed and cycle adjustment is incorrect)
will be described, where N is the amount of gating rep-
resenting the number of cycles during which the gating
of the output clock 244 continues (for the definition of N,
see Fig. 5).
[0098] Figs. 8, 9, and 10 illustrate waveforms during
calibration when N is 3, 2, and 1, respectively. Referring
to the waveforms of the r_data_buff 234 in Figs. 8, 9, and
10, it can be seen that the data for M cycles has been
replaced regardless of the value of N. However, what
data the data is replaced by depends on the value of N.
For example, if N = 3, then, D1 to D3 are replaced by D4,
and if N = 2, then, D1 is replaced by D3 and D2 and D3
are replaced by D4. Further, if N = 1, then, D1, D2, and
D3 are replaced by D2, D3, and D4, respectively.

(3) Correlation between a cycle (L) between gating op-
erations and a pattern that is received

[0099] When gating is performed a plurality of times,
the correlation between L and a calibration pattern that
is received (in a case where skew adjustment has been
performed and cycle adjustment is incorrect) will be de-
scribed, where L is a cycle from one gating time to the
next gating time (for the definition of L, see Fig. 5). Figs.
11, 12, 13, and 14 illustrate waveforms during calibration
when L is 1, 2, 3, and 4, respectively. If L is greater than
or equal to M, the plurality of gating operations can be
regarded as independent gating operations. That is, the
replacement of data for M cycles occurs a number of
times equal to the number of times gating is performed.
Otherwise, the plurality of gating operations have mutu-
ally correlations, and {M*(number of times gating is per-
formed)-(M-L)} pieces of data are consecutively re-
placed.

(4) Correlation between a gating start position (S), a gat-
ing end position (E), and a pattern that is received

[0100] The correlation between S, E, and a calibration
pattern that is received (in a case where skew adjustment
has been performed and cycle adjustment is incorrect)
will be described, where S is the gating start position and
E is the gating end position (for the definition of S and E,
see Fig. 5).
[0101] Figs. 15, 16, and 17 illustrate waveforms during
calibration when the positional relationship between S
and the start bit and the positional relationship between
E and the end bit are changed. Fig. 15 illustrates wave-
forms when the gating start position S is placed after
detection of the start bit and when the gating end position
E is placed before detection of the end bit. Fig. 16 illus-
trates waveforms when the gating start position S is
placed before detection of the start bit and when the gat-
ing end position E is placed after detection of the end bit.
Fig. 17 illustrates waveforms when the gating start posi-
tion S is placed after detection of the start bit and is the
gating end position E is placed after detection of the end
bit.
[0102] As in Fig. 16, when clock gating is periodically
performed so as to be synchronous with one cycle of the
host clock 115, if L > M is not satisfied and the gating
start position S is placed at a position before the start bit
while the gating end position E is placed at a position
after the end bit, the pattern is not suitable for calibration.
This is because data can be correctly received although
cycle adjustment is incorrect.
[0103] If the gating start position S is placed after the
start bit or the gating end position E is placed after the
end bit, data is not received correctly in a situation where
cycle adjustment is incorrect. Thus, it can be seen that
this gating pattern is suitable for calibration. Therefore,
it is necessary to arrange only one of the gating start
position S and the gating end position E during reception
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of the calibration pattern or to take the cycle L between
gating operations into account.
[0104] Further, although not directly illustrated in Fig.
15, 16, or 17, the gating pattern needs to be set so that
the gating start position S or the gating end position E
can be placed at a timing when the value of the calibration
pattern received by the received data SP conversion unit
210 varies (in a period during which a predetermined
number of different values described below are input).
That is, the gating pattern is set so that the supply of the
output clock 244 starts to be suspended or its suspending
is canceled at one of timings at which the value of the
calibration pattern varies. For example, the timing at
which the value varies is the case of "01" (or "10"), and
the gating pattern is set so that the gating start position
S is placed at "1" in "01" (or "0" in "10") and the gating
end position E is placed at "0" in "01" (or " 1" in "10").
[0105] As described above, the calibration pattern and
the gating pattern have the correlations (1) to (4) above.
In the example of Figs. 6 and 7, gating is performed during
a cycle subsequent to the cycle during which "D3" in the
calibration pattern is received. In the case of this exam-
ple, due to the relationship between the cycle set value
and the actual delay, "D4 to D6" can possibly be replaced
by "D5 to D7". For this reason, even if all the values of
"D4 to D7" in the calibration pattern are the same, the
values before replacement and the values after replace-
ment are the same, which is not desirable for the detec-
tion of a delay (cycle delay). In the example of Figs. 6
and 7, "D4 to D7" in the calibration pattern may be
changed to "0101" in terms of the correlations (1) to (4).
[0106] The above setting is based on the correlations
(1) to (4). It is to be understood that, even if "1" and "0"
are opposite, a corresponding expected value in this case
may be set.
[0107] Further, the relationship between, when the
above calibration pattern (expected value) is used, the
difference from the actual number of cycles and the pat-
tern that is received (the received data 236) is illustrated
in Fig. 20. It is possible to determine the difference from
the actual number of cycles on the basis of information
indicating the relationship between the pattern that is re-
ceived and the amount of delay illustrated in Fig. 20. It
is necessary to set a pattern such that different calibration
patterns can be received at 1:1 in accordance with M.
Therefore, when the gating pattern according to the cor-
relations (1) to (4) is used, a delay up to a predetermined
number of cycles can be detected if the calibration pattern
has a predetermined number of consecutive values (bits)
(such as "1" or "0") that are different from the value input
earlier to the external device controller 103. It is desirable
that values that are different from the value input earlier
(to the received data SP conversion unit 210), the number
of which is greater than or equal to the number of delay
cycles that can be detected, be consecutive. In a case
where "D4 to D7" is "0101" described above, in the "101"
portion, it can be guaranteed that values that are different
from the preceding input value are consecutive.

[0108] Delay information (such as a lookup table as
illustrated in Fig. 20 or a simple sequence) indicating the
above relationship may be tested in advance and stored
in the DRAM 106 or any other storage device that can
be referred to by the CPU 101, and may be referred to
by the CPU 101 when an amount of cycle delay is deter-
mined.
[0109] Next, behavior of signals handled by the exter-
nal device controller 103 and the external device 107
during reception of data in the operation with the config-
uration of Fig. 1 in which correct parameters (skew set
value, cycle set value) are used is illustrated in Fig. 18.
Similarly to the example of Fig. 24, the example of Fig.
18 illustrates waveforms when the cycle delay is one cy-
cle and when calibration is completed and the cycle se-
lection value 249 (the cycle set value 256) corresponding
to one cycle is set. Note that the setting indicated by the
correct cycle selection value 249 (cycle set value 256) is
1 when the delay caused in the received data 236 is one
cycle. Since the setting indicated by the cycle selection
value 249 is 1, the reception enable signal 250 is delayed
by one cycle with respect to the output clock enable signal
243 by using the cycle control unit 603.
[0110] In the example of Fig. 18, the output clock en-
able signal 243 is de-asserted and the output clock 244
is gated at the time when the reception of "D0" of the
serial format received data 236 is started. Although the
output clock 244 is gated, "D1" and "D2" of the serial
format received data 236 are transmitted from the exter-
nal device 107. The reception enable signal 250 is also
de-asserted one cycle after the de-assertion of the output
clock enable signal 243 is started. In response to the de-
assertion of the reception enable signal 250, the received
data SP conversion unit 210 immediately stops receiving
serial format received data.
[0111] Thus, reception of data is stopped while "D1"
of the skew-adjusted received data 235 has been re-
ceived. As can be seen when viewing the data of the first
bit of the parallel format received data 234, "D1" has been
successfully received and the data latch suspend timing
of the received data SP conversion unit 210 has been
successfully adjusted so as to address a cycle delay.
[0112] Further, the output clock enable signal 243 is
asserted again one cycle after it is de-asserted, and in
response to the assertion, the gating of the output clock
244 is released. Here, even when the gating of the output
clock 244 is released, due to a delay of one cycle or more
in the received data 236 described above, "D2" of the
serial format received data 236 is continuously transmit-
ted from the external device 107.
[0113] Based on the amount of delay (one cycle) indi-
cated by the cycle set value 256, the reception enable
signal 250 is also asserted one cycle after the assertion
of the output clock enable signal 243. In response to the
assertion of the reception enable signal 250, the received
data SP conversion unit 210 immediately resumes re-
ceiving serial format received data. Thus, "D2" of the se-
rial format received data 236 can be correctly received.
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As can be seen when viewing the first bit of the parallel
format received data 234, "D2" has been successfully
received correctly and the data latch resume timing of
the received data SP conversion unit 210 has been suc-
cessfully adjusted so as to address a cycle delay.
[0114] As above, this exemplary embodiment can sup-
press completion of calibration with incorrect settings.
Therefore, the received data 236 can be correctly detect-
ed even when the received data 236 has a delay of one
cycle or more.
[0115] Further, according to the cycle control unit 603
in this exemplary embodiment, once a correct cycle set
value 256 is set, the data latch suspend timing and the
data latch resume timing of the received data SP con-
version unit 210 can be delayed so as to correspond to
the amount of cycle delay that occurs between the ex-
ternal device controller 103 and the external device 107.
This suppresses the occurrence of failure to latch the
data as illustrated in Fig. 24.
[0116] Further, while in the foregoing exemplary em-
bodiment, the skew control unit 211 and the cycle control
unit 603 are configured separately, skew adjustment and
cycle adjustment may be combined into a single config-
uration, or may be combined into the received data SP
conversion unit 210. Further, in skew adjustment, the ad-
justment is performed by inputting a clock whose shift
has been corrected. However, a delay configuration (de-
lay elements, flip-flops) for skew adjustment or cycle ad-
justment may be directly arranged in a system for sup-
plying data, and an amount of delay may be selected
using a selector or the like.
[0117] Further, in the foregoing exemplary embodi-
ment, the opportunity to execute a calibration process
has not been discussed. However, calibration may be
performed with an opportunity similar to that of a known
external device controller, thus achieving the effect of the
present invention. For example, calibration may be im-
plemented when the ASIC 100 is started, when the ex-
ternal device controller 103 is initialized, at intervals of a
predetermined time (for example, at intervals of 10 msec
at 208 MHz as defined in a standard such as the Secure
Digital Extended Capacity (SDXC) standard), or at inter-
vals of a predetermined number of cycles, or when the
ASIC 100 detects a connection with the external device
107.
[0118] Further, in the foregoing exemplary embodi-
ment, the cycle computation unit 602, the cycle setting
register 601, and the expected value setting register 604
have been described as hardware, but may also be im-
plemented in software by using the CPU 101 instead. In
this case, the CPU 101 reads and executes a program
for implementing the functions of the cycle computation
unit 602 from the DRAM 106 or the like. Storage areas
corresponding to various registers are reserved in a
cache of the CPU 101 (or the DRAM 106), and the values
stored in the various registers described above are stored
in the storage areas.
[0119] The wire delay described above between the

external device 107 and the external device controller
103 may presumably have a large variation in the amount
of delay if the external device 107 is configured to be
removably attached to the external device I/ F 112. In
actuality, a delay caused by various factors other than
the length or material of the wire and the increase in tem-
perature, such as contact failure, may presumably be
included.
[0120] In the foregoing exemplary embodiment, which
frequency the host clock 115 is operating at is not illus-
trated as an example. However, as the operating fre-
quency increases, it is more difficult to detect a delay of
one cycle or more caused in the received data 236 with
the configuration illustrated in Fig. 21A, and calibration
failure is more likely to occur. The frequency of the host
clock 115 may presumably be increased in order to more
quickly exchange data between the external device con-
troller 103 and the external device 107. Therefore, the
present invention may also contribute to the implemen-
tation of high-speed and high-reliability data communi-
cation.
[0121] Further, in the foregoing exemplary embodi-
ment, the cycle computation unit 602 performs cycle ad-
justment by comparing a calibration pattern (received da-
ta 234) and an expected value. However, as in skew ad-
justment, the CPU 101 may read an expected value and
perform a comparison process.
[0122] Further, in the foregoing exemplary embodi-
ment, the data portions (D0, D1, ... in Fig. 21B) of the
received data 236 are used for comparison. However,
the CRC portions (CRC0, CRC1, ... in Fig. 21B) calcu-
lated by the received data SP conversion unit 210, which
serves as a calculation unit, may be used for comparison.
In this case, it is necessary to compute and store in ad-
vance, for a calibration pattern stored in advance, CRCs
that are received when the skew setting and the cycle
setting are correct.
[0123] In the illustration of Fig. 1, the external device
controller 103 and the external device 107 communicate
with each other using a bus of 1-bit width. Instead, a bus
of 4-bit width, a bus of 8-bit width, or the like may also
be used, and the present invention can be applied without
being limited to the bus width. However, for example,
when a bus of 4-bit width (8-bit) is used, the skew control
unit 211 may be provided with four flip-flops 218 and four
delay selection units 217 so that skew adjustment can
be performed for every 1-bit width. In this case, the re-
ceived data SP conversion unit 210 is only required to
merge 4-bit sequences, and the received data SP con-
version unit 210, the reception buffer 209, or the like may
require a configuration for reordering 4-bit data so as to
match the data to be output from the external device 107.
[0124] Further, in the foregoing exemplary embodi-
ment, only the example in which the host clock 115 has
a single operating frequency has been described. How-
ever, operating frequencies may be switched by identi-
fying the external device 107. For example, a frequency
divider circuit for dividing the frequency of the host clock,
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a multiplier circuit, or the like may be provided between
the clock generator 105 and the external device controller
103 to switch the frequency of the host clock to be input
to the external device controller 103. In this case, in ad-
dition to the clock generator 105, the frequency divider
circuit or the multiplier circuit also serves as a portion of
an oscillation unit.
[0125] In this case, when the calibration described
above is not successful, the host clock 115 that is input
to the external device 107 may be reduced to a lower
frequency so that the communication with the external
device 107 may be stabilized. Examples of the case
where calibration is not successful may include the case
where the calibration described above occurs a prede-
termined number of times or more per unit time, and the
case where the time required for calibration requires a
predetermined time or more (for example, the number of
times required for the round-robin operation or more).
Further, in a case where the physical connector shape
of the external device I/F 112 is designed so as to fit to
the external device 107 of a specific type specified in the
standard, a frequency specified in a specific type of
standard may be used as a frequency to be switched in
the divider circuit or the multiplier circuit (for example, if
calibration is not successful at 208 MHz, the frequency
may be switched to 100 MHz). This ensures that the back-
ward compatibility of the external device controller 103
can be maintained when external devices of the same
type have different operating frequencies depending on
the version.
[0126] When the present invention is utilized in the ex-
ternal device 107 complying with the SDXC standard, it
is possible to identify the standard of the external device
107 (or the type of communication between the external
device 107 and the external device controller 103) before
transmission and reception of data. In this case, the CPU
101 performs transmission and reception of the com-
mands described above to instruct that identification in-
formation indicating the type (or communication type) of
the external device 107 be returned. In accordance with
the identification information, depending on the identified
standard, the CPU 101 may cause the oscillation unit
described above to switch the frequency to a high fre-
quency (208 MHz) for SDXC or to a low frequency (50
Hz or 20 Hz) otherwise. If it can be determined that com-
munication at a frequency so low that, as described
above, a delay of one cycle or more does not affect re-
ception of data is being used, the cycle adjustment func-
tion for calibration may be stopped.
[0127] Here, in a case where the present invention is
applied to an external device 107 complying with the
SDXC standard, the external device 107 is configured to
transmit a 64-byte calibration pattern to the external de-
vice controller 103. In this case, the external device con-
troller 103 may handle a calibration pattern for 64 bytes.
However, attention may be focused on a portion including
consecutive values that are different from the value input
earlier by the detectable amount of delay cycle within 64

bytes. In this case, after a 64-byte calibration pattern re-
ceived by the external device controller 103 is written to
the DRAM 106, the CPU 101 may read just the address
of the portion on which attention is focused. Further,
some standards define a maximum amount of delay that
can be allowed between the external device 107 and the
external device controller 103. Thus, the number of dif-
ferent values (the predetermined number described
above) that are consecutive to each other may be set on
the basis of the allowed amount of delay. In this case, a
larger number than the number corresponding to the al-
lowed amount of delay may be set in advance as the
predetermined number described above.
[0128] Further, the transmission buffer 207 or the re-
ception buffer 209 in the foregoing exemplary embodi-
ment may be a first-in-first-out (FIFO) buffer. In this case,
a buffer full signal or a buffer empty signal may be created
based on information indicating the available capacity
(remaining capacity information) of the FIFO buffer, or
the remaining capacity information may be used instead
as it is. In this case, if the size of the data that can be
stored in the FIFO buffer serving as the reception buffer
209 is greater than or equal to the size of the data of the
calibration pattern, the calibration pattern may be tem-
porarily written in the FIFO buffer, and, after that, the
CPU 101 may use the calibration pattern directly for com-
parison. However, if the data size that can be stored in
the FIFO buffer serving as the reception buffer 209 is
smaller than that of the calibration pattern, the calibration
pattern may be compared successively (for each prede-
termined cycle) in units of the data size that is less than
or equal to the capacity of the FIFO buffer. Alternatively,
a branch configuration may be obtained in which data is
successively compared without being latched in the FIFO
buffer serving as the reception buffer 209 during calibra-
tion. A comparator for data of predetermined cycles,
which has a separate configuration from the CPU 101
and which is configured with a register from which an
expected value is also read in units of the same data
size, may be provided as a comparison unit. Otherwise,
if the third clock control unit 223 is designed so as not to
stop clocks in skew adjustment, the reception buffer 209
can possibly overflow.
[0129] Further, a control signal such as the output clock
enable signal 243 in the foregoing exemplary embodi-
ment may be configured such that a disable signal is
asserted at a timing when an enable signal is de-assert-
ed.
[0130] In the foregoing exemplary embodiment, the
present invention has been described in the context of
an information processing apparatus including the exter-
nal device controller 103. However, the present invention
can also be applied to the case where the information
processing apparatus includes therein the configuration
of the external device 107 described above, and may
therefore be applicable to a device controller. Examples
of an information processing apparatus according to the
present invention may include various apparatuses such
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as an image processing apparatus and a calculation
processing apparatus.
[0131] Furthermore, the present invention may also be
implemented by executing the following process: Soft-
ware (program) implementing the functions of the fore-
going exemplary embodiment is supplied to a system or
an apparatus via a network or various storage media,
and a computer (or a CPU, a micro processing unit
(MPU), or the like) of the system or apparatus reads and
executes the program.
[0132] While the present invention has been described
with reference to exemplary embodiments, it is to be un-
derstood that the invention is not limited to the disclosed
exemplary embodiments. The scope of the following
claims is to be accorded the broadest interpretation so
as to encompass all such modifications and equivalent
structures and functions.
[0133] This application claims the benefit of Japanese
Patent Application No. 2009-295616, filed December 25,
2009.

Claims

1. An information processing apparatus comprising:

a supply unit (213) configured to supply a clock
to an external device (107) ;
an instruction unit (125) configured to instruct
the external device to output data of a predeter-
mined pattern;
a receiving unit (210) configured to receive data
that is output from the external device (107) in
synchronization with the clock;
a control unit (103) configured to suspend supply
of the clock by the supply unit (213) during re-
ception of the data of the predetermined pattern
output from the external device (107) in accord-
ance with an instruction from the instruction unit
(125), and
a holding unit (209) configured to hold data re-
ceived by the receiving unit (210) and to notify
that the holding unit (209) is not capable of hold-
ing data,
wherein the control unit (103) includes
a first control unit (213) configured to cause the
supply unit (213) to stop supply of the clock in
response to the notification from the holding unit
(209),
a second control unit (213) configured to cause
the supply unit (213) to stop supply of the clock
in accordance with gating information indicating
at which timing the supply of the clock is to be
stopped, and
a selection unit (213) configured to cause one
of the first control unit (213) and the second con-
trol unit (213) to selectively function and to cause
the second control unit (213) to function during

reception of data by the receiving unit (210)
when a data latch timing of the receiving unit
(210) is adjusted.

2. The information processing apparatus according to
Claim 1, further comprising:

a storage unit (604) configured to hold, as an
expected value, a pattern to be latched by the
receiving unit (210); and
a comparison unit (602) configured to compare
a pattern received by the receiving unit (210)
while the second control unit (213) is being
caused to function by the selection unit with the
expected value held in the storage unit.

3. The information processing apparatus according to
Claim 2, further comprising a calculation unit (210)
configured to calculate a test signal from the pattern,
wherein the storage unit (604) stores, as an expected
value, a test signal that can be calculated by the cal-
culation unit (210) from a pattern to be latched by
the receiving unit (210), and
wherein the comparison unit (602) compares a test
signal calculated by the calculation unit from a cali-
bration pattern received by the receiving unit (210)
with the expected value held in the storage unit.

4. The information processing apparatus according to
Claim 2 or 3, wherein the pattern includes a plurality
of values, and
wherein each of a predetermined number of consec-
utive values in the plurality of values is different from
a preceding value.

5. The information processing apparatus according to
Claim 4, wherein the predetermined number is great-
er than or equal to the number of cycles correspond-
ing to an amount of delay that can occur between
the information processing apparatus and the exter-
nal device (107).

6. The information processing apparatus according to
Claim 2, wherein the comparison unit determines
that the pattern received by the receiving unit (210)
matches the expected value, and determines that
adjustment of the data latch timing of the receiving
unit (210) has been completed.

7. The information processing apparatus according to
Claim 1, wherein each of the first control unit (213)
and the second control unit (213) controls supply of
the clock by the supply unit (213) using a control
signal.

8. The information processing apparatus according to
Claim 2, wherein when the holding unit is capable of
holding data the amount of which is greater than or
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equal to the data of the pattern output from the ex-
ternal device (107), after the pattern is written in the
holding unit, the comparison unit compares the pat-
tern held in the holding unit with the expected value.

9. The information processing apparatus according to
Claim 2, wherein the holding unit is capable of hold-
ing data having a size that is smaller than the size
of the data of the pattern output from the external
device (107), the comparison unit compares a pat-
tern held in the holding unit with the expected value
at every predetermined cycle corresponding to a cy-
cle during which the holding unit receives data hav-
ing that size that is smaller than the size of the data
of the pattern output from the external device (107).

10. The information processing apparatus according to
Claim 1, wherein the second control unit (213) con-
trols the supply unit (213) to periodically stop supply
of a clock.

11. The information processing apparatus according to
Claim 1, further comprising an identification unit con-
figured to determine a type of communication with
the external device (107),
wherein when it can be determined that the external
device (107) is of a predetermined type, the selection
unit causes the second control unit (213) to function
when the data latch timing of the receiving unit (210)
is adjusted.

12. The information processing apparatus according to
Claim 1, further comprising an identification unit con-
figured to determine a type of communication with
the external device (107),
wherein when it can be determined that the external
device (107) is not of a predetermined type, the se-
lection unit causes the first control unit (213) to func-
tion when the data latch timing of the receiving unit
(210) is adjusted.

13. The information processing apparatus according to
Claim 1, wherein the gating information indicates at
least one of a timing at which the second control unit
(213) causes the supply of the clock to start to be
stopped, a timing at which suspending of the supply
of the clock is canceled, and a period during which
supply of a clock is stopped.

14. An information processing method comprising:

a supplying step of supplying a clock to an ex-
ternal device (107);
an instructing step of instructing the external de-
vice (107) to output data of a predetermined pat-
tern;
a receiving step of receiving data that is output
from the external device (107) in synchroniza-

tion with the clock;
a controlling step of suspending supply of the
clock in the supplying step during reception of
the data of the predetermined pattern output
from the external device in accordance with an
instruction in the instructing step, and
a holding step of holding data received in the
receiving step and to notify that a holding unit
(209) is not capable of holding data,
wherein the controlling step includes
a first controlling step of causing a supply unit
(213) to stop supply of the clock in response to
the notification from the holding unit (209),
a second control step of causing the supply unit
(213) to stop supply of the clock in accordance
with gating information indicating at which timing
the supply of the clock is to be stopped, and
a selection step of causing one of the first control
step and the second control step to selectively
function and to cause the second control step
to function during reception of data in the receiv-
ing step when a data latch timing of a receiving
unit (210) is adjusted.

Patentansprüche

1. Informationsverarbeitungsvorrichtung, mit:

einer Zufuhreinheit (213), die dazu konfiguriert
ist, einen Takt an eine externe Einrichtung (107)
zuzuführen;
einer Anweisungseinheit (125), die dazu konfi-
guriert ist, die externe Einrichtung anzuweisen,
Daten eines vorbestimmten Musters auszuge-
ben;
einer Empfangseinheit (210), die dazu konfigu-
riert ist, Daten, die von der externen Einrichtung
(107) in Synchronisation mit dem Takt ausge-
geben werden, zu empfangen;
einer Steuerungseinheit (103), die dazu konfi-
guriert ist, eine Zufuhr des Takts durch die Zu-
fuhreinheit (213) während eines Empfangs der
Daten des vorbestimmten Musters, die von der
externen Einrichtung (107) gemäß einer Anwei-
sung von der Anweisungseinheit (125) ausge-
geben werden, zu unterbinden, und
einer Halteeinheit (209), die dazu konfiguriert
ist, Daten, die durch die Empfangseinheit (210)
empfangen werden, zu halten, und mitzuteilen,
dass die Halteeinheit (209) nicht dazu in der La-
ge ist, Daten zu halten,
wobei die Steuerungseinheit (103) aufweist
eine erste Steuerungseinheit (213), die dazu
konfiguriert ist, die Zufuhreinheit (213) zu ver-
anlassen, die Zufuhr des Takts als Reaktion auf
die Mitteilung von der Halteeinheit (209) zu stop-
pen,
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eine zweite Steuerungseinheit (213), die dazu
konfiguriert ist, die Zufuhreinheit (213) zu ver-
anlassen, den Takt gemäß Gating-Informatio-
nen, die angeben, zu welchem Zeitpunkt die Zu-
fuhr des Takts zu stoppen ist, zu stoppen, und
eine Auswahleinheit (213), die dazu konfiguriert
ist, eine der ersten Steuerungseinheit (213) und
der zweiten Steuerungseinheit (213) zu veran-
lassen, wahlweise zu arbeiten, und die zweite
Steuerungseinheit (213) zu veranlassen, wäh-
rend eines Empfangs von Daten durch die Emp-
fangseinheit (210) zu arbeiten, wenn ein Daten-
Latch-Zeitpunkt der Empfangseinheit (210) an-
gepasst wird.

2. Informationsverarbeitungsvorrichtung gemäß An-
spruch 1, weiterhin mit:

einer Speichereinheit (604), die dazu konfigu-
riert ist, ein Muster, das durch die Empfangsein-
heit (210) zu latchen ist, als einen erwarteten
Wert zu halten; und
einer Vergleichseinheit (602), die dazu konfigu-
riert ist, ein Muster, das durch die Empfangsein-
heit (210) empfangen wird, während die zweite
Steuerungseinheit (213) durch die Auswahlein-
heit zum Arbeiten verursacht wird, mit dem er-
warteten Wert, der in der Speichereinheit ge-
speichert ist, zu vergleichen.

3. Informationsverarbeitungsvorrichtung gemäß An-
spruch 2, weiterhin mit einer Berechnungseinheit
(210), die dazu konfiguriert ist, ein Testsignal von
dem Muster zu berechnen,
wobei die Speichereinheit (604) als einen erwarteten
Wert ein Testsignal speichert, das durch die Berech-
nungseinheit (210) von einem Muster, das durch die
Empfangseinheit (210) zu latchen ist, berechnet
werden kann, und
wobei die Vergleichseinheit (602) ein Testsignal, das
durch die Berechnungseinheit von einem Kalibrie-
rungsmuster berechnet wird, das durch die Emp-
fangseinheit (210) empfangen wird, mit dem erwar-
teten Wert, der in der Speichereinheit gehalten wird,
vergleicht.

4. Informationsverarbeitungsvorrichtung gemäß An-
spruch 2 oder 3, wobei das Muster eine Vielzahl von
Werten umfasst, und
wobei jeder einer vorbestimmten Anzahl von aufei-
nanderfolgenden Werten in der Vielzahl von Werten
von einem vorhergehenden Wert verschieden ist.

5. Informationsverarbeitungsvorrichtung gemäß An-
spruch 4, wobei die vorbestimmte Anzahl größer
oder gleich der Anzahl von Zyklen entsprechend ei-
nem Betrag einer Verzögerung ist, die zwischen der
Informationsverarbeitungsvorrichtung und der ex-

ternen Einrichtung (107) auftreten kann.

6. Informationsverarbeitungsvorrichtung gemäß An-
spruch 2, wobei die Vergleichseinheit bestimmt,
dass das Muster, das durch die Empfangseinheit
(210) empfangen wird, mit dem erwarteten Wert
übereinstimmt, und bestimmt, dass eine Anpassung
des Daten-Latch-Zeitpunkts der Empfangseinheit
(210) vollendet wurde.

7. Informationsverarbeitungsvorrichtung gemäß An-
spruch 1, wobei jede der ersten Steuerungseinheit
(213) und der zweiten Steuerungseinheit (213) eine
Zufuhr des Taktes durch die Zufuhreinheit (213) un-
ter Verwendung eines Steuerungssignals steuert.

8. Informationsverarbeitungsvorrichtung gemäß An-
spruch 2, wobei, wenn die Halteeinheit dazu in der
Lage ist, Daten zu halten, deren Betrag größer oder
gleich den Daten des Musters ist, das von der exter-
nen Einrichtung (107) ausgegeben wird, nachdem
das Muster in die Halteeinheit geschrieben ist, die
Vergleichseinheit das Muster, das in der Halteeinheit
gehalten wird, mit dem erwarteten Wert vergleicht.

9. Informationsverarbeitungsvorrichtung gemäß An-
spruch 2, wobei die Halteeinheit dazu in der Lage
ist, Daten mit einer Größe, die kleiner als die Größe
der Daten des Musters ist, das von der externen Ein-
richtung (107) ausgegeben ist, zu halten, wobei die
Vergleichseinheit ein Muster, das in der Halteeinheit
gehalten wird, mit dem erwarteten Wert vergleicht,
zu jedem vorbestimmten Zyklus entsprechend ei-
nem Zyklus, während dem die Halteeinheit Daten
empfängt, die die Größe aufweisen, die kleiner als
die Größe der Daten des Musters ist, das von der
externen Einrichtung (107) ausgegeben wird.

10. Informationsverarbeitungsvorrichtung gemäß An-
spruch 1, wobei die zweite Steuerungseinheit (213)
die Zufuhreinheit (213) steuert, um eine Zufuhr eines
Taktes periodisch zu stoppen.

11. Informationsverarbeitungsvorrichtung gemäß An-
spruch 1, weiterhin mit einer Identifikationseinheit,
die dazu konfiguriert ist, eine Art einer Kommunika-
tion mit der externen Einrichtung (107) zu bestim-
men,
wobei, wenn bestimmt werden kann, dass die exter-
ne Einrichtung (107) von einer vorbestimmten Art
ist, die Auswahleinheit die zweite Steuerungseinheit
(213) veranlasst, zu arbeiten, wenn der Daten-
Latch-Zeitpunkt der Empfangseinheit (210) ange-
passt ist.

12. Informationsverarbeitungsvorrichtung gemäß An-
spruch 1, weiterhin mit einer Identifikationseinheit,
die dazu konfiguriert ist, eine Art der Kommunikation
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mit der externen Einrichtung (107) zu bestimmen,
wobei, wenn bestimmt werden kann, dass die exter-
ne Einrichtung (107) nicht von einer vorbestimmten
Art ist, die Auswahleinheit die erste Steuerungsein-
heit (213) veranlasst, zu arbeiten, wenn der Daten-
Latch-Zeitpunkt der Empfangseinheit (210) ange-
passt ist.

13. Informationsverarbeitungsvorrichtung gemäß An-
spruch 1, wobei die Gating-Informationen zumindest
einen eines Zeitpunkts, an dem die zweite Steue-
rungseinheit (213) veranlasst, dass ein Stoppen der
Zufuhr des Takts begonnen wird, eines Zeitpunkts,
an dem ein Unterbinden der Zufuhr des Takts auf-
gehoben wird, und einer Periode, während der eine
Zufuhr eines Takts gestoppt ist, angibt.

14. Informationsverarbeitungsverfahren mit:

einem Zufuhrschritt des Zuführens eines Taktes
an eine externe Einrichtung (107);
einem Anweisungsschritt des Anweisens der
externen Einrichtung (107), Daten eines vorbe-
stimmten Musters auszugeben;
einem Empfangsschritt des Empfangens von
Daten, die von der externen Einrichtung (107)
in Synchronisation mit dem Takt ausgegeben
werden;
einem Steuerungsschritt des Unterbindens ei-
ner Zufuhr des Taktes in dem Zufuhrschritt wäh-
rend eines Empfangs der Daten des vorbe-
stimmten Musters, das von der externen Ein-
richtung gemäß einer Anweisung in dem Anwei-
sungsschritt ausgegeben wird, und
einem Halteschritt des Haltens von Daten, die
in dem Empfangsschritt empfangen werden,
und um mitzuteilen, dass eine Halteeinheit (209)
nicht dazu in der Lage ist, Daten zu halten,
wobei der Steuerungsschritt aufweist
einen ersten Steuerungsschritt des Veranlas-
sens einer Zufuhreinheit (213), eine Zufuhr des
Taktes als Reaktion auf die Mitteilung von der
Halteeinheit (209) zu stoppen,
einen zweiten Steuerungsschritt des Veranlas-
sens der Zufuhreinheit (213), eine Zufuhr des
Taktes gemäß Gating-Informationen, die ange-
ben, zu welchem Zeitpunkt die Zufuhr des Tak-
tes zu stoppen ist, zu stoppen, und
einen Auswahlschritt des Veranlassens von ei-
nem des ersten Steuerungsschritts und des
zweiten Steuerungsschritts, wahlweise zu ar-
beiten, und den zweiten Steuerungsschritt zu
veranlassen, während eines Empfangs der Da-
ten in dem Empfangsschritt zu arbeiten, wenn
ein Daten-Latch-Zeitpunkt einer Empfangsein-
heit (210) angepasst ist.

Revendications

1. Appareil de traitement d’informations, comprenant :

une unité de fourniture (213) configurée pour
fournir un signal d’horloge à un dispositif externe
(107) ;
une unité d’instruction (125) configurée pour or-
donner au dispositif externe de délivrer des don-
nées d’une combinaison prédéterminée ;
une unité de réception (210) configurée pour re-
cevoir les données qui sont délivrées par le dis-
positif externe (107) de manière synchrone avec
le signal d’horloge ;
une unité de commande (103) configurée pour
suspendre la fourniture du signal d’horloge par
l’unité de fourniture (213) pendant la réception
des données de la combinaison prédéterminée
délivrées par le dispositif externe (107) confor-
mément à une instruction provenant de l’unité
d’instruction (125), et
une unité de maintien (209) configurée pour
maintenir les données reçues par l’unité de ré-
ception (210) et pour notifier le fait que l’unité
de maintien (200) ne peut pas maintenir les don-
nées,
dans lequel l’unité de commande (103) com-
prend
une première unité de commande (213) confi-
gurée pour amener l’unité de fourniture (213) à
interrompre la fourniture du signal d’horloge en
réponse à la notification provenant de l’unité de
maintien (209),
une seconde unité de commande (213) confi-
gurée pour amener l’unité de fourniture (213) à
interrompre la fourniture du signal d’horloge
conformément à des informations de portillon-
nage indiquant une temporisation à laquelle il
convient d’interrompre la fourniture du signal
d’horloge, et
une unité de sélection (213) configurée pour
amener l’une de la première unité de commande
(213) et de la seconde unité de commande (213)
à fonctionner sélectivement et pour amener la
seconde unité de commande (213) à fonction-
ner pendant une réception de données par l’uni-
té de réception (210) lorsqu’une temporisation
de verrouillage de données de l’unité de récep-
tion (210)a été réglée.

2. Appareil de traitement d’informations selon la reven-
dication 1, comprenant en outre :

une unité de mémorisation (604) configurée
pour maintenir, en tant que valeur attendue, une
combinaison à verrouiller par l’unité de récep-
tion (210) ; et
une unité de comparaison (602) configurée pour
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comparer une combinaison reçue par l’unité de
réception (210) tandis que la seconde unité de
commande (213) est amenée à fonctionner par
l’unité de sélection avec la valeur attendue main-
tenue dans l’unité de mémorisation.

3. Appareil de traitement d’informations selon la reven-
dication 2, comprenant en outre une unité de calcul
(210) configurée pour calculer un signal de test à
partir de la combinaison,
dans lequel l’unité de mémorisation (604) mémorise,
en tant que valeur attendue, un signal de test qui
peut être calculé par l’unité de calcul (210) à partir
d’une combinaison à verrouiller par l’unité de récep-
tion (210), et
dans lequel l’unité de comparaison (602) compare
un signal de test, calculé par l’unité de calcul à partir
d’une combinaison de calibrage reçue par l’unité de
réception (210), et la valeur attendue maintenue
dans l’unité de mémorisation.

4. Appareil de traitement d’informations selon la reven-
dication 2 ou la revendication 3, dans lequel la com-
binaison comprend plusieurs valeurs, et
dans lequel chaque valeur d’un nombre prédétermi-
né de valeurs consécutives des plusieurs valeurs est
différente d’une valeur précédente.

5. Appareil de traitement d’informations selon la reven-
dication 4, dans lequel le nombre prédéterminé est
supérieur ou égal au nombre de cycles correspon-
dant à une quantité de retard pouvant intervenir entre
l’appareil de traitement d’informations et le dispositif
externe (107).

6. Appareil de traitement d’informations selon la reven-
dication 2, dans lequel l’unité de comparaison déter-
mine que la combinaison reçue par l’unité de récep-
tion (210) correspond à la valeur attendue, et déter-
mine qu’un réglage de la temporisation de verrouilla-
ge de données de l’unité de réception (210) a été
effectué.

7. Appareil de traitement d’informations selon la reven-
dication 1, dans lequel chaque unité de la première
unité de commande (213) et de la seconde unité de
commande (213) commande la fourniture du signal
d’horloge par l’unité de fourniture (213) au moyen
d’un signal de commande.

8. Appareil de traitement d’informations selon la reven-
dication 2, dans lequel, lorsque l’unité de maintien
peut maintenir des données, dont la quantité est su-
périeure ou égale aux données de la combinaison
délivrée par le dispositif externe (107), après l’écri-
ture de la combinaison dans l’unité de maintien, l’uni-
té de comparaison compare la combinaison mainte-
nue dans l’unité de maintien et la valeur attendue.

9. Appareil de traitement d’informations selon la reven-
dication 2, dans lequel l’unité de maintien peut main-
tenir des données ayant une taille inférieure à la taille
des données de la combinaison délivrées par le dis-
positif externe (107), l’unité de comparaison compa-
re une combinaison maintenue dans l’unité de main-
tien et la valeur attendue à chaque cycle prédéter-
miné correspondant à un cycle pendant lequel l’unité
de maintien reçoit des données ayant une taille in-
férieure à la taille des données de la combinaison
délivrées par le dispositif externe (107).

10. Appareil de traitement d’informations selon la reven-
dication 1, dans lequel la seconde unité de comman-
de (213) commande l’unité de fourniture (213) pour
qu’elle interrompe périodiquement la fourniture d’un
signal d’horloge.

11. Appareil de traitement d’informations selon la reven-
dication 1, comprenant en outre une unité d’identifi-
cation configurée pour déterminer un type de com-
munication avec le dispositif externe (107),
dans lequel, lorsqu’il est possible de déterminer que
le dispositif externe (107) est d’un type prédétermi-
né, l’unité de sélection amène la seconde unité de
commande (213) à fonctionner lorsque la tempori-
sation de verrouillage de données de l’unité de ré-
ception (210) a été réglée.

12. Appareil de traitement d’informations selon la reven-
dication 1, comprenant en outre une unité d’identifi-
cation configurée pour déterminer un type de com-
munication avec le dispositif externe (107),
dans lequel, lorsqu’il est possible de déterminer que
le dispositif externe (107) n’est pas d’un type prédé-
terminé, l’unité de sélection amène la première unité
de commande (213) à fonctionner lorsque la tempo-
risation de verrouillage de données de l’unité de ré-
ception (210) a été réglée.

13. Appareil de traitement d’informations selon la reven-
dication 1, dans lequel les informations de portillon-
nage indiquent au moins l’une d’une temporisation
à laquelle la seconde unité de commande (213) pro-
voque un début d’interruption de la fourniture du si-
gnal d’horloge, d’une temporisation à laquelle est
annulée une suspension de la fourniture du signal
d’horloge, et d’une période durant laquelle est inter-
rompue la fourniture d’un signal horloge.

14. Procédé de traitement d’informations, comprenant :

une étape de fourniture consistant à fournir un
signal d’horloge à un dispositif externe (107) ;
une étape d’instruction consistant à ordonner au
dispositif externe (107) de délivrer des données
d’une combinaison prédéterminée ;
une étape de réception consistant à recevoir les
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données qui sont délivrées par le dispositif ex-
terne (107) de manière synchrone avec le signal
d’horloge ;
une étape de commande consistant à suspen-
dre la fourniture du signal d’horloge à l’étape de
fourniture pendant une réception des données
de la combinaison prédéterminée délivrées par
le dispositif externe conformément à une ins-
truction à l’étape d’instruction, et
une étape de maintien consistant à maintenir
les données reçues à l’étape de réception et à
notifier le fait qu’une unité de maintien (209) ne
peut pas maintenir les données,
dans lequel l’étape de commande comprend
une première étape de commande consistant à
amener une unité de fourniture (213) à interrom-
pre la fourniture du signal d’horloge en réponse
à la notification provenant de l’unité de maintien
(209),
une seconde étape de commande consistant à
amener l’unité de fourniture (213) à interrompre
la fourniture du signal d’horloge conformément
à des informations de portillonnage indiquant
une temporisation à laquelle il convient d’inter-
rompre la fourniture du signal d’horloge, et
une étape de sélection consistant à amener
l’une de la première étape de commande et de
la seconde étape de commande à intervenir sé-
lectivement et à amener la seconde étape de
commande à intervenir pendant une réception
de données à l’étape de réception lorsqu’une
temporisation de verrouillage de données d’une
unité de réception (210) a été réglée.
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